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Final Report
Research Project 79-0088
Electronically Excited Atomic and Molecular Oxygen

Objectives:

The natural phenomenon whose understanding motivated this study is the
night airglow . The objective of our study was the identification of the
mechanism by which the observed emission from 02 and O are excited at an
altitude of about 100 km in the atmosphere of Earth and Venus.

On a more fundamental level our objective was to determine the rate and
mechanisa by which the recombination of oxygen atoms produces the

electronically excited states of oxygen molecules and atoms.

Status of Research Effort:

The experiments undertaken in this project can be divided into two
series. The first series of experiments attempted to produce a sudden high
concentration of electronically excited oxygen by the surface catalyzed
recombination of oxygen atoms on a nickel surface. These experiments were an
attempt to determine the quenching and other relaxation processes of

ey, -
2o 02(A32u+). OZ(A'3An) ,l.oz(clih ) which have not previously been determined.

!

- The second series attempted to determine the rate laws governing the

formation of electronically excited states of 02 in the recombination of

s-

vy
.

g‘_'.j- oxygen atoms. The results of these experiments could then be combined with
£,
-’_._ those from series 1 to calculate the absolute yield of each excited state in
D. -
A the recombination process. AIR FORCE OFF" 2 OF SCTENTTFIC RESEARS (APSO)
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Surface Catalyzed Recombination Studies

Attempts to produce an instantaneous conceantrate of 02(A), Oz(A'),
Oz(c), and O(IS) met with success and rate constants for the quenching of
these species by a number of gases were determined. These were reported in a
series of papers (1,2,3,4,5) and are summarized in Table 1. Attempts to
[2 TABLE I: Rate constants for quenching of Oz(Aai:), OZ(A'adn)

and Oz(c'zu) by various gases

3 Quenching 0,(A’5!) and 0,(a*3s ) 0,(c' ) ocls)

- series
o¢3p) (1.2920.1)x10~11¢»d (5.90.6)x10712
0,(a'2g) (8.141.6)x10" 11 (6.0£2.4)x10 12 2x10710
o, 1.3x10"13 3x10714
®, 7210713 <ex19714 -
se, 6x10713 2x10”12
N,0 1.8x10712 ax10”13
He 6x10™ 13 —
Ar 7.2x10716 6x10716

-1

¢ All units are cn3 mlec:ule-l 8
d Indicated error limits are the 1o statistical uncertainties.
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N determine the temperature dependencies of these quenching processes were less ‘.’::'_.':
= g
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N successful. The only process for which we obtained data is the reaction: ﬁg;
3 oz(A) + 0 > quenched products

;' Assuming that the temperature dependence can be represented by the Arrhenius

v equation we have plotted In k, versus 1/T in Figure 1.
- T T T T | E— T | — T
X i
- 1
; e |
- NN
t N
o AT
3 ) 33
)
. L 1 1 1 | 1 1 | L 1 VT
: 35 40
- I000/T (K™
- Fig 1 ‘
¢
Y
R J \\
J: ‘.': ..'
: NS,
.‘:N"\{ IO T T P s N N S R W N W O R A W A Tt R I T W S LN LR LN O R € '\~‘\
N N N R R N e I NN N G A N N N N N N N G N N N N N N N A SN S N N N N N NN NN X




nt

.
N

ARARS

“J 31

p o

f:o

'.,'..‘

e

L, R S SR ST N T S AR > 47 4 L PO I, L TR VTt at g% gt S e < Yew vt C oAyt g

FAFAY AT LI A LTS ARV A A A N Ty N X N e R A e e
W) A \) mﬂ&&\;ﬁ'\:‘:\ L'~\.\-‘.\':\'\).\ AV R \‘\.;'.\J'L!ﬂ\_";""":.\'- !'.\

R L AT > AP IR L S I v d . A e
5. - 00 DIV SIS GRENR MEHERNEC A S PR AR I S ANCIN PRIV ER A At Sycs b

S I I U I L) W et

ERARCHN R Sl Mt i tedl nufl Ml bt ¥ e e e B0 - 4l o

The line drawn through these points ylelds:

- (1965/1‘)c:|||31||:>1e<:-1s-1 (2)

K, = 2.9 x 100
Although klwns determined specifically for only the second vibrational level
of the Oz(A) state we have reason to believe that it is not significantly
different for any level which is formed on the nickel surface (v' = 0 to 5).
Not only are the quenching rate constants for other levels insignificantly
different but the distribution in these vibrational levels does not appear to
change significantly with changing temperature.

The primary purpose of these experiments was to determine whether in the
Earth's night airglow the quenching of the OZ(A) state by oxygen atoms is
significant. Unfortunatley the lowest temperature at which we could conduct
our experiments was 232K. However, if we assume that the temperature
dependence represented by equation 2 can be extended another 32°, then
kl(ZOOK) = 1.5x 10-12cn3uolec-lc-l. This is a factor of 20 smaller than the
room temperature value. In the upper atmosphere where the peak oxygen atom
concentration is 6.5 x 10-ll atous cn3, the rate at which OZ(A) is quenched
by O is about an order of magnitude smaller than the radiative decay rate
(0.21-1). We conclude, therefore, that oxygen atoms are not very important
quenchers of the Oz(A) state in the upper atmosphere.

The magnitude of the preexponential in equation 2 calls for some
comment. It is about two orders of magnitude greater than normal (i.e. that

associated with gas kinetic collision frequency). Therefore it may not be
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wise to assume that the temperature dependence of this rate constant is well

represented by equation 2 much beyond the temperature range of these

kRS S PSP . . T Te e ke

sassurements, especlially at high temperatures. This reservation does not
affect our qualitative conclusion that oxygen atoms do not dominate the OZ(A)

removal rate in the upper atmosphere, since this would hold true even if the

S SRR

rate constant at 200K is no smaller than the value which we measured at 232K,

The measurement of rate constants for a series of vibrational levels of
these excited states has not been possible except for the quenching of OZ(A)

by oxygen atoms where values were determined for the 5 lowest vibrational

xS - w .
AL ERE A T T

levels. These are summarized in Figure 2.
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Atom Recombination Studies
In these experiments the kinetic dependence of the emissions from the various

excited states of oxygen that result from atom recombination were determined
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1. Eaission for O(IS) was found to obey the following rate law (6)

I = k[0)2[M1/[0,(a 0]

where k = 2,7 x 10“27 f.-.ll:’llolec-l s-l. This rate law is consistent only with

a "Barth Type” mechanism given by equations [1-51 where reaction [4] occurs at

collision frequency 5 x 10-10 cal:‘,-oletz.1 s-l and kl is at least 252 of the
total recombination rate comstant (4.75 x 10"3l‘<:||6|||t>1e¢:-'2 s-l).

®
0+0+H¢02+H (1}
* 1
02 +0*02+0(|) [2]
02* + 0 + all products (3]

0(18) + oz(lu) + quenched products [4]
o¢}s) + 0('D) + hv(557.7 om) (5]

2. Eamigsions from 02(A3m"') and Oz(A'3M) were found to obey the rate law

€))
2
I = kfo] [Hl/lozl
which is consistent with the simple mechanism given by reactions [6-8].

o+o+n-»02(A)+u (6}
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0,(A) + 0, + quenched products [7)
Oz(A) + 0,(X) = hv(Herzberg I bands) (8]

Combining these measurements with the quenching data provided by the surface

cstalyzed experiments yields a value for k6 which is still almost an order of

nsgnitude too small to explain the night airglow emission intensity from
Emission form Oz(clm-) was found to obey the rate law (7)

1= [o}iM)%0,)

®
Such a kinetic dependence suggests the presence of a precursor (02 ) involved

in the process as described by reactions [9-13].

0+0+M»0," +u (9)
*

0, + 0, + quenched products (10}
*

0, +M » °z(°) +M [11)

oz(c) + 0 » quenched products [12)

Oz(c) » Oz(X) + hv(Berzberg II bands) [13]

Quantum yields in thess reactions have yet to be measured ia ths laboratory.
3. Eatssion from Oz(b lﬁ") was found to have s cowplex kismetic depeandence
mummmuwlmdmmn,u). Steedy state and
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*
time dependent measurements required the presence of a precursor (02 ) as

indicated in the mechanism described by reactions [14-18]:

*

0O+0+M+0, +M [14]
*

0, + 0 > quenched products [15])
*

0, +0, »0,(b) +0, f16]
*

0, +0, > all products (17]

Oz(b) > oz(x) + hv(762 nm) [18]

* 34
where O2 remains unidentified but klslk17 2.6 and k14 > 1.6 x 10

6 -2 -1
cm molec s .

4. Emission from Oz(a lAg) was found to have a complex kinetic dependence
on molecular oxygen very similar to that observed for 02(b). The effect of

adding molecular oxygen to a stream of oxygen atoms is shown in Figure 3.
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at the "15-cm position.” .:',:j:
The rate constant in the absence of 02 is less than 10X of the rate constant

for total recombination. With 02 present it rises by almost a factor of 10.

The detailed kinetic analysis remains to be completed.
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Atom Recombination”.

Invited Paper to be presented at I.G.U., Conference, San Francisco,
December 2, 1984, E.A. Ogryzlo, “Laboratory Studies of the Excitation of 02
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Ogryzlo, Y.Q. Shen and P.T. Wassel, “The Yield of 0,(b 'I*) in Oxygen Aton

Recombination”.

. _u e ‘ ,.' .‘,“' . ._': -.. RN ‘,'-. Ty e . el '.. .“'f.‘f\ .--'.-

12

] i.'
Ty

.
PP )

vivse . R S TR S
ey . St L. _-' ..'.". .
ool e T AL
- 9 L ',' e e d »

9 ¢ hPGIPSY B Y e ) WA

1ar,
AR
IS

l... "‘l I," '.

£

- L % ‘. ey \ -' I- . I- ‘. .. ¥
NS 3 ) - ) o,
S PRI IR VA ':k:\.x"t 'i":‘ﬁ‘.l\‘;\:l": ‘f\i‘ﬁi\.ﬁ:‘ﬁ



S it

e T —

/ame Ty v—’
_‘-

LSl Sl e S g

Pt
.

PR




